Purpose: Pubertal gonadotropin secretion shows circadian pattern and the luteini zing hormone (LH) levels tend to rise in later stages of puberty in girls. We studied the usefulness of basal LH in the evaluation of central precocious puberty with emphasis on the influence of sampling time. Methods: Medical records of 334 girls that underwent gonadotropinreleasing hormone stimulation test (GnRHST) were reviewed. Auxological and laboratory data were compared between those with early morning (EM, before 10 AM) and late morning/afternoon (LM/A, after 10 AM) basal samples. Results: Among those in sexual maturity rating (SMR) 2, EM samples showed higher basal LH (P=0.004) compare to LM/A samples, whereas those in SMR 3 showed no difference in LH levels between EM and LM/A samples. Among girls with pubertal response, EM group showed higher basal LH (P=0.031) and follicular stimulating hormone (P=0.008) than LM/A group. The EM basal LH was more closely related with the peak stimulated LH than the LM/A basal LH did (r s =0.871 vs. r s =0.524). The optimal basal LH cutoffs to predict a pubertal response to GnRHST were 0.11 IU/L with a sensitivity of 66.7% and a specificity of 78.7% in EM group, and 0.07 IU/L with a sensitivity of 60.0% and a specificity of 78.9% in LM/A group, respectively. Conclusion: In girls with early stages of puberty, EM basal LH is a more sensitive screening tool than the LM/A basal LH. Diurnal variation should be considered in evaluating children with precocious puberty.
Introduction
Gonadotropin secretion at the onset of puberty shows marked circadian rhythm due to nocturnal gonadotropin secretion 1) . The increase of plasma luteinizing hormone (LH) during sleep is initially seen in children at sexual maturity rating (SMR) 2-3 2, 3) . As puberty progresses, the daytime LH levels rise continuously until the diurnal rhythm is lost 4, 5) . The early activation of hypothalamic-pituitary-gonadal (HPG) axis can result in central precocious puberty (CPP) 6) . The standard method to confirm CPP is to measure the gonadotropin response to gonadotropin releasing hormone (GnRH) administration 7) . However, the GnRH stimulation test (GnRHST) is inconvenient to patients because of multiple blood sampling and cost. Several studies suggested that the serum basal LH level can be useful in the screening of girls with suspected CPP [8] [9] [10] [11] . However, because the circadian pattern of early pubertal gonadotropin secretion and the trend of serum LH levels to rise in later stages of puberty in girls, random daytime values of gonadotropins have limited usefulness in outpatient clinic setting. We studied the validity of basal LH for the screening of CPP in girls, with emphasis on the influence of sampling time. 
Diurnal variation of gonadotropin levels in girls with early stages of puberty

Materials and methods
Subjects
Subjects were girls at 8 years of age or younger who visited the pediatric endocrinology clinic in Bundang CHA Medical Center due to precocious breast development and underwent the GnRHST between 2011 and 2014. After excluding those with peripheral precocious puberty or chronic illness, total 334 girls (240 girls in SMR 2, 91 girls in SMR 3, 3 girls in SMR 4 based on breast development) were included in the present study. This study was approved by the Institutional Review Board of CHA Bundang Medical Center (CHAMC 2016-09-036-001). Written informed consent was obtained from all patients.
Participants were classified into early morning (EM) group when basal sampling before the administration of GnRH was performed before 10 AM, and children in whom the basal sampling was performed after 10 AM was classified into late morning/afternoon (LM/A) group considering the circadian rhythm of gonadotropin 11, 12) . To compare the basal and stimulated gonadotropin levels between girls with similar stages of pubertal development, children were stratified by SMR and their response to GnRHST.
To compare the EM and LM/A data in the same patient, subgroup analysis was performed in 16 girls (all of whom were in SMR 2) who underwent GnRHST on different time range, within 4 weeks after initial basal sampling. In 12 girls, initial basal sampling was performed after 10 AM, and GnRHST including EM basal sample was performed before 10 AM, after 13.8±7.0 days. Initial basal sampling was performed before 10 AM in 4 girls, followed by GnRHST including LM/A basal sample after 10 AM, after 10.0±6.2 days.
Methods
We reviewed the medical records of the subjects retrospectively. Clinical data at the time of GnRHST, such as chronological age, bone age, height, body weight, body mass index (BMI), SMR, parental height, and laboratory profiles, were collected. The standard deviation score (SDS) of the height, body weight and BMI were calculated using the 2007 Korean National Growth Charts 13) . Bone age was measured using the GreulichPyle method 14) . Auxological and biochemical data were compared between EM and LM/A.
Basal serum samples for LH, follicular stimulating hormone (FSH) and estradiol (E 2 ) were drawn immediately before the administration of 100 μg of GnRH (Relefact LH-RH; SanofiAventis, Frankfurt, Germany). After injection, blood samples for LH and FSH were collected at 30, 45, and 60 minutes. Serum LH and FSH concentrations were measured using a chemiluminescence immunoassay (CLIA) (ADVIA Centaur XP Systems, Siemens, Germany). The sensitivity of the FSH and LH assays were 0.3 IU/L and 0.07 IU/L, respectively. The percent coefficients of variation for replicate analysis were <4% for both assays in the 0.3-200 IU/L for FSH and 0.07-200 IU/L for LH. E 2 was also measured by CLIA (UniCel DxI 800 system, Beckman Coulter, Brea, CA, USA). A peak stimulated LH concentration of ≥ 5.0 IU/L on the GnRHST was regarded as a pubertal response and <5.0 IU/L was classified a prepubertal response 10, 15) .
Statistical analysis
All data were provided as the mean±standard deviation. Statistical analyses were performed by IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY, USA). Student t-test was used to compare values between the 2 groups. In subgroup analysis, Wilcoxon signed rank test was used to compare values and Spearman rank correlation was used to evaluate the relationships between basal serum LH and peak stimulated value. Multiple logistic regression models were fit with a pubertal response to GnRHST and BMI SDS, the basal gonadotropin value (LH and FSH) and E 2 .
Receiver operating characteristic (ROC) curves were constructed to evaluate the sensitivity and specificity at each level of LH based on predicted probability, and area under the curve (AUC) with 95% confidence interval (CI) was measured for each curve. Youden's J index (sensitivity+specificity-1) was used to determine the optimal cut off point of basal serum LH from the ROC curve for each assay to differentiate girls with CPP from prepubertal girls 16) . For these cutoff points, specificity and sensitivity were then recalculated to evaluate the cutoff point efficacy. P-value of <0.05 was considered statistically significant. 
Results
Characteristics of subjects stratified by SMR
The descriptive statistics for auxological and biochemical data of participants stratified by SMR, and further divided by EM and LM/A groups are shown in Table 1 . Whereas the differences of basal serum LH and FSH between EM and LM/A samples were significant in girls with SMR 2 (P=0.004 for LH and P=0.001 for FSH), there was no significant difference in basal LH and FSH levels between EM and LM/A samples in those with SMR 3 (Table 1 ). LM/A basal LH level in girls with SMR 3 was significantly higher than in those with SMR 2 (P=0.040).
Characteristics of subjects classified by response to GnRHST
There was no significant difference in auxological data between prepubertal and pubertal response groups, except that prepubertal EM group showed higher BMI SDS compared to pubertal EM group (P<0.001) ( Table 2 ). The basal and stimulated levels of gonadotropins in pubertal response group were higher than those of their prepubertal response counterparts (Table 2 ). In prepubertal response group, basal FSH in the EM group was higher than LM/A (P=0.005). Among pubertal response group, the basal LH, FSH and E 2 were significantly higher in the EM group than LM/A group (P=0.031, P=0.008, and P=0.020, for LH, FSH, and E 2 , respectively). (Fig. 1) . In Spearman correlation analysis, the EM basal LH was more Fig. 2 ).
Regression analysis to define factors associated with pubertal response
Multiple logistic regression analysis was undertaken to define factors associated with pubertal response to GnRHST in each group (Table 3) . In EM group (n=181), significant predictors of the pubertal response were higher basal LH (P=0.029) and FSH (P=0.021). BMI SDS was inversely associated with pubertal response to GnRHST in both groups (P<0.001 in EM group and P=0.018 in LM/A group). In LM/A group (n=153), not basal LH, but basal FSH (P<0.001) was the significant predictor of the pubertal response.
ROC curve analysis to validate basal LH
as a predictor of pubertal response ROC curves to verify the validity of basal LH as a predictor of pubertal response were constructed in each sample groups. In EM group, the AUC of basal LH was 0.773 (95% CI, 0.704-0.841; P<0.001) and that in LM/A group was 0.732 (95% CI, 0.641-0.823; P<0.001) (Fig. 3) . The optimal cutoff value of basal LH related with a pubertal response was 0.11 IU/L in EM group. The sensitivity and specificity of basal LH≥0.11 IU/L in the EM group was 66.7% and 78.7%, respectively. In LM/A group, the optimal basal LH cutoff was 0.07 IU/L and the sensitivity and specificity of this cutoff to predict a pubertal response was 61.7% and 76.5%, respectively.
Discussion
A pulsatile LH secretory pattern during sleep, but not while the children are awake, is the first change in LH secretion at the early puberty 2, 3) . Sleep associated LH release in the peripubertal period results from increased sensitivity of the pituitary gonadotropins to GnRH 17) . Third-generation assays demonstrate that LH increases during sleep to approach peaks in the lower adult range, above 1.0 U/L, and then decrease during the day to 0.6 U/L or less in early puberty 18, 19) . Later on, a constant pulsatile secretion of LH during day and night occurs in pubertal children 4, 5) and in adults 20, 21) . Boys at an early stage of puberty show that the timing in the changes of serum LH closely resembled that of FSH. In contrast, in girls, LH levels tend to rise in the later stages of puberty than that of FSH 22 23) . Therefore, girls in the early phase of HPG axis activation commonly do not show definite LH elevation in the afternoon. In our study, the basal levels of serum LH and FSH in the LM/A group were significantly lower than those in the EM group in girls with pubertal response to GnRHST. Especially, girls in SMR 2 showed significant difference in basal LH and FSH levels between EM and LM/A samples.
To perform the GnRHST for every patients with suspected CPP is relatively invasive and time-consuming. Among previous studies that evaluated the validity of basal serum LH levels www.e-apem.org for effective screening of CPP, some studies conducted blood sampling in the EM before 10 AM, 8, 11) and the others did not describe the time of blood sampling 9, 10) . Rosenfield et al. 19) suggested that sleep LH correlated with LH after stimulation of GnRHa across the pubertal transition. Our subgroup analysis suggested that basal serum LH in the EM is more strongly correlated with peak stimulated LH than that in the late morning or afternoon. Multiple regression analysis in our study showed that the basal LH level in the EM was a significant predictor of pubertal response whereas that in the late morning or afternoon samples was not.
The EM basal FSH level was significantly higher than LM/ A basal FSH independent of pubertal response, especially in girls with SMR 2 in the present study. It seems that the higher basal FSH level resulted in the increase of probability of a pubertal response to GnRHST in both EM an LM/A samples. The serum FSH level is higher than the LH level in prepubertal boys and girls 24) . In girls, FSH levels rise during the early stages of puberty 23) . Diurnal variation in serum FSH level is less than that of LH 20) . Spontaneous FSH levels might provide more valuable data about pubertal status and more stable data with less prominent night-day variation. However, serum FSH levels rise about 2.5 fold, in contrast with LH levels increase of 25 fold or more over the course of puberty, and it results in overlapping between prepubertal and pubertal FSH levels 10, 25, 26) . The response of LH to GnRH or GnRHa rises more than that of FSH during puberty 25, 27) . For these features, several studies suggested that the GnRH-stimulated FSH was not useful in diagnosing CPP 10, 11, 26) . It was also demonstrated that basal LH levels were superior to FSH, E 2 and inhibin B to predict a response of GnRHST with comparison by ROC analyses 9) . Accumulation of fat in the breast in overweight girls is difficult to be distinguished from breast development. Girls with high mean BMI z scores had greater Tanner breast stage 28) and they may develop breasts without any specific evidence of HPG axis activation, suggesting a role of aromatized adrenal androgens 29) . Several studies suggested that increased BMI is also correlated with earlier onset of puberty 30, 31) . However, it is not able to conduct a GnRHST to every overwight or obese girls with suspected breast development. For effective screening of these children, it is necessary to conduct blood sampling in consideration of diurnal variation. In addition, Fu et al. 32) suggested that BMI should be considered when interpreting GnRHST because higher BMI results in lower LH response to GnRHST. They suggested that decreased LH secretion in obese girl with CPP is related with elevated basal E 2 , insulin resistance and leptin level. Our results also showed the negative correlation between BMI and a pubertal response to GnRHST.
Several studies assessed the validity of using basal LH levels to evaluate girls with suspected CPP. Mogensen et al. 9) showed that an elevated basal LH was the significant predictor of a pubertal response for GnRHST. A basal LH level of 0.1 IU/ L by immunochemiluminometric assay, with a sensitivity of gondotropin assay of 0.02 IU/L, was the optimal cutoff for discriminating CPP with a sensitivity of 94% of and a specificity of 88% 10) . Pasternak et al. 11) reported that a basal LH> 0.1 IU/ L using CLIA with a sensitivity of LH assay of 0.05 IU/L was appropriate for the detection of CPP, and the sensitivity and specificity was 94.7% and 64.4%, respectivrly. In Korea, Lee et al. 8) demonstrated that a basal LH≥0.1 IU/L can predict a pubertal reponse for GnRHST significantly, with a sensitivity of 56.4% and a specificity of 93.7%. They measured LH using electrochemiluminescence immunoassay with limit of detection of 0.1 IU/L. EM group in the present study showed the higher optimal cutoff value with the larger AUC than LM/ A group. Basal LH>0.11 IU/L was a diagnostic value with 66.7% of sensitiviy and 78.7% of specificity in the EM sample. LM/ A group showed 61.7% of sensitiviy and 76.5% of specificity with the cutoff level of 0.07 IU/L. When the LH cutoff of 0.1 IU/L was applied to our data in order to compare with the previous studies, the sensitivity and specificity were 70.0% and 72.1% in EM group and 51.1% and 82.4% in the LM/A group, respectively. Therefore, applying the same cutoff without considering sampling time or the detection limit of the test may result in different probability of predicting CPP. Most previous studies have not evaluated the diagnostic values considering diurnal fluctuation of LH levels. The present study showed that basal LH in the EM sample was more sensitive for screening CPP than in the late morning or afternoon sample. However, girls with basal LH under optimal cutoff in the late morning and afternoon still can not be excluded from precocious puberty, because up to 30% of them showed pubertal response in GnRHST in our study.
The present study has some limitaions. One of them is that the sensitivity of CLIA of gonadotropins in this study is lower than other studies using immunochemiluminometric assay, and the cutoff value was close from the detecton limit. Another limitation is that the subgroup analysis was conducted in a small subgroup and blood samples were taken on different days with 4-28 days of intervals, under the assumption that the change in gonadotropin levels in this population are insignificant in 4weeks. Further studies including a larger number of subjects with samples obtained on same day are required.
In conclusion, EM basal LH level is more sensitive than late morning or afternoon LH for the initial laboratory screening of girls in early stages of puberty. Diurnal variation should be considered in evaluating girls with precocious puberty, especially in those with early stages of puberty.
